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Abstract: We compared the diversity and species composition, and the structure of the vegetation of 
three distinct Cerrado phytophysiognomies (Cerradão, Dense Cerrado, and Typical Cerrado) in the 
Cerrado-Amazon transition, Mato Grosso (Brazil). Species richness (observed and estimated) in the 
Cerradão and Dense Cerrado was higher than that recorded in the Typical Cerrado. Species diversity, 
based on a Rényi profile, was highest in the Dense Cerrado, in comparison with the other 
phytophysiognomies. We recorded a higher number of exclusive species in the Cerradão, and a greater 
similarity (Morisita and Sørensen indices) between this vegetation type and the Dense Cerrado. While 
individuals were tallest in the Cerradão and Dense Cerrado and lowest in the Typical Cerrado, there was 
no difference among phytophysiognomies in mean diameter. A gradient in decreasing species richness 
and diversity (hypothesis 1) and vegetation vertical structure (hypothesis 3) was expected for the 
Cerradão-Dense Cerrado-Typical Cerrado; however, neither hypothesis was supported by the results. The 
Cerradão and Dense Cerrado were most similar in species composition not confirming hypothesis 2, 
which predicted that the two savanna vegetation types (Dense Cerrado and Typical Cerrado) were more 
similar to one another than either is to the woodland (Cerradão). Overall, the similarities among the three 
study communities depended on the type of parameter analyzed. While the species richness and the 
vertical and structure of the vegetation of the Cerradão and Dense Cerrado are closely similar, the 
Cerradão and Typical Cerrado are more similar in their species diversity. With regard to the floristic 
composition, Dense Cerrado occupies an intermediate position between Cerradão and Typical Cerrado. 
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Introduction 
The South American Cerrado biome is the most diverse and species-rich of all the world’s savannas 
(Mendonça et al. 2008), due to the marked heterogeneity of habitats and soils (Ribeiro and Walter 2008; 
Reatto et al. 2008), the occurrence of bushfires (Hoffmann and Franco 2003; Hoffmann et al. 2012), and 
landscape relief (Oliveira-Filho et al. 1989; Marimon et al. 1998). In addition to these complex 
environmental factors, the contact zones among Cerrado and four other Brazilian biomes (Amazon, 
Atlantic Rain forest, Pantanal and Caatinga) (Ribeiro and Walter 2008) can contribute to the tree species 
diversity. 
In the Cerrado-Amazon contact zones of ecological tension, the interchange of species contributes to 
increased richness and influences the species composition (Castro and Martins 1999; Méio et al. 2003). 
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The most extensive zone of contact is located in southern and southeastern Amazon (Marimon et al. 2006; 
Miranda et al. 2006; Ribeiro and Walter 2008). Here, the vegetation of both biomes intermingle, forming 
a complex matrix (Askew et al. 1970; Marimon et al. 2006) with a singular distribution of tree species 
along the hyperdynamic vegetation in the transitional Cerrado-Amazon landscapes (Marimon et al. 2014). 
As this region also coincides with the “Arc of Deforestation” in the Brazilian agricultural frontier, it is of 
considerable importance for the conservation of the country’s biodiversity (Nogueira et al. 2008; 
Domingues and Bermann 2012). 
Scientific studies of the Cerrado-Amazon transition zone in eastern Mato Grosso began with the 
classic, descriptive works of the Xavantina-Cachimbo Expedition (Askew et al. 1970; Eiten 1972; Ratter 
et al. 1973). The local vegetation is composed predominantly of semi-deciduous forests, known as 
transitional forest (Marimon et al. 2006; Balch et al. 2008; Hoffmann et al. 2012), the composition of 
which is influenced primarily by the Amazon rainforest, and only to a lesser extent by the Cerrado (Méio 
et al. 2003). A number of other vegetation types and subtypes (sensu Ribeiro and Walter 2008) can be 
found in the region, with a predominance of Cerrado species (Askew et al. 1970; Marimon-Junior and 
Haridasan 2005; Maracahipes et al. 2011). More recent studies suggest that the savanna formations of the 
transition zone are characterized by higher diversity than similar areas on the central Brazilian plateau 
(Felfili et al. 2002; Kunz et al. 2009; Gomes et al. 2011; Lenza et al. 2011; Maracahipes et al. 2011). 
The Cerradão is the only woodland habitat sensu lato found in the Cerrado (sensu Ribeiro and 
Walter 2008) and is characterized both by generalist tree species, as well as those more typical of either 
the savanna or forest formations of the Cerrado (Oliveira-Filho and Ratter 1995; Marimon-Junior and 
Haridasan 2005; Ribeiro and Walter 2008; Solórzano et al. 2012). The savanna formations of the Cerrado 
include Dense Cerrado and Typical Cerrado, which can be differentiated in terms of the density of the 
vegetation, and canopy cover and height, but tend to be very similar in terms of species composition 
(Ribeiro and Walter 2008). Tree cover in the Dense Cerrado is between 50% and 70%, with a canopy 
height of 5-8 m (Ribeiro and Walter 2008). The Typical Cerrado is the most widespread vegetation 
subtype in the Cerrado sensu stricto (Ribeiro and Walter 2008), and is characterized by tree cover of 20-
50%, with a canopy of 3-6 m in height (Ribeiro and Walter 2008). 
Local studies comparing Cerrado vegetation types and subtypes have provided important insights 
into the formation of distinct habitats, and the conservation and management of the biome’s biodiversity 
(Oliveira-Filho et al. 1989; Marimon et al. 1998; Marimon-Junior and Haridasan 2005; Gomes et al. 
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2011). In their comparison of Cerradão and Typical Cerrado, Marimon-Junior and Haridasan (2005) 
found marked differences in species composition, and vegetation structure. In Typical and Rocky 
Cerrado, Gomes et al. (2011) found marked differences in the most important species in terms of 
community structure. In their study of Cerradão, Dense Cerrado and Typical Cerrado in São Paulo 
(Brazil), Pinheiro and Durigan (2012) recorded structural differences in basal area classes, canopy cover, 
and the diameter and height of the largest trees. These findings emphasize the importance of 
understanding both the species composition and structure of the vegetation for the interpretation of the 
features of the different phytophysiognomies. 
In the present study, our main objective was to characterize and compare the diversity, species 
composition, and structure of the woody vegetation of three Cerrado sites, representing the Cerradão 
(forest facies), Dense Cerrado, and Typical Cerrado, in the Cerrado-Amazon transition zone in Mato 
Grosso (Brazil). We tested three hypotheses related to the distributions of tree species in the transitional 
Cerrado-Amazon transitional landscapes: (1) because of the co-existence of savanna and forest species in 
the Cerradão, there is a decreasing gradient in tree species richness and diversity from this vegetation to 
Dense and Typical Cerrado; (2) the species composition and horizontal structure of the vegetation is more 
similar between Typical and Dense Cerrado than between either of these and the Cerradão woodland; (3) 
there is a decreasing gradient in height, diameter, density, and total basal area of the trees from the 
Cerradão and the Typical Cerrado. 
 
Material and methods 
Study area - The study focused on three Cerrado sites with distinct vegetation types, which represent 
a gradient in density, height, and the shrubby component of the canopy in the Cerrado-Amazon transition 
areas. One site was representative of the Cerradão (CO: 12°49’26.8” S, 051°46’06.0” W), one of the 
Dense Cerrado (DC - 12°49’07.6” S, 051°46’12.3” W) and one of the Typical Cerrado (TC: 12°50’02.5” 
S, 051°45’55.9” W) sensu Ribeiro and Walter (2008), located in the Cerrado-Amazon transition zone in 
the municipality of Ribeirão Cascalheira, in the State of Mato Grosso, Brazil (Figure 1). The local climate 
is characterized by a well-defined rainy season, from May to September, with rainfall peaking from 




Data collection - We established a 100 m x 100 m plot at each of the three sites divided into 25 
subplots of 20 m x 20 m. All live woody plants with diameter at 30 cm above the ground (D30) of at least 
5 cm were identified and marked with aluminum tags. We measured the total height of each individual 
with a laser rangefinder and stem diameter with a measuring tape. For individuals with multiple stems, all 
the stems were measured for the subsequent calculation of the quadratic diameter (Moro and Martins 
2011). We conducted the data collection in three field campaigns with five days each, the first one in July 
2013 (Dense Cerrado) and the other two in September 2013 (Cerradão and Typical Cerrado). 
Whenever possible, we identified the species in the field, but when necessary, we collected 
specimens for comparison with those available in the Herbarium NX, of the collection James Alexander 
Ratter (State University of Mato Grosso at Nova Xavantina) and in appropriate references. The system 
suggested by the Angiosperm Phylogeny Group (APG III 2009) was used to classify the families, with 
the taxonomy revised and updated based on the List of Brazilian Flora (2014). 
Data analysis - We compared the species richness recorded at the three sites using the rarefaction 
technique with the standardization of sampling effort by the number of individuals recorded (Gotelli and 
Colwell 2001; Magurran 2011), using the Sobs Mao Tau estimator with 1000 randomizations. The species 
richness at the three sites was also estimated using Jackknife 1, which was the estimator that correlated 
most closely with observed richness (Walther and Moore 2005). We used diversity profiles based on the 
Rényi exponential series (Tóthmérész 1995) to compare diversity at the three study sites, in which alpha 
corresponds to Shannon’s index, and alpha 2 to Simpson’s index (Melo 2008). 
We evaluated the similarity in species composition among the three sites using the quantitative 
Morisita-Horn (CmH) coefficient (Magurran 2011) and the binary (qualitative) coefficient of Sørensen 
(Ss) (Brower and Zar 1984). A two-way indicator species analysis (TWINSPAN: Hill et al. 1975) was 
used to classify the vegetation, with eigenvalues above 0.3 being considered to represent strong 
ecological divisions (Hill 1979; Felfili et al. 2007, 2011). 
We used an Indicator Species Analysis (ISA) to identify the species considered to be indicators of a 
given vegetation type, together with a Monte Carlo test to verify the significance of the classification 
(Dufrêne and Legendre 1997; McCune and Mefford 1999). We described the horizontal structure of the 
vegetation using the absolute density of individuals and the Importance Value Index (IVI), as proposed by 
Curtis and McIntosh (1950) and Mueller-Dombois and Ellenberg (1974). 
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We used an Analysis of Variance (ANOVA) to compare trunk diameter, tree height, and mean 
density per subplot among sites. When the assumptions of normality and homogeneity of variance were 
not satisfied, we used an ANOVA with Welch’s F test for heterogeneous variables (Zar 2010). All 
analyses were complemented with Tukey’s post hoc test. 
Structural parameters were analyzed in FITOPAC 2.1.2 (Shepherd 2009), diversity and similarity 
were evaluated in PC-ORD version 6.07 (McCune and Mefford 2011), TWINSPAN and ISA were run in 
PAST (PAleontological STatistics) version 2.15 (Hammer et al. 2001), while R 3.0.2 (R Core Team 2013) 
was used for all other analyses. In all cases, the normality of the data was assessed using the Shapiro-
Wilk test and the homogeneity of variance was confirmed by Levene’s test (Zar 2010) and a 5% 
significance level was considered. 
 
Results 
We sampled a total of 5946 individuals at the three sites, belonging to 115 species, 80 genera, and 
40 families. We recorded 2186 individuals, 91 species, 67 genera, and 35 families in the Cerradão (CO) 
and 2070 individuals of 91 species, 68 genera, and 37 families in the Dense Cerrado (DC). In the Typical 
Cerrado (TC) we sampled 1690 individuals belonging to 76 species, 56 genera, and 32 families (Table 1). 
The species richness estimated by rarefaction (Figure 2) was lowest in the Typical Cerrado (76 
species), but remarkably similar between the Cerradão (86.7±8.9 species) and the Dense Cerrado 
(86.8±8.7 species). Observed species richness (76) in the Typical Cerrado was the most similar (89%) to 
the estimated number (85.0±12.9). In the case of the Cerradão, observed richness was 91 species, 84% of 
the estimated value (108.0±11.4 species), while in the Dense Cerrado, observed richness was also 91 
species, 81% of the estimated number (112.0±12.7 species). 
The Dense Cerrado had the highest diversity in comparison with the Cerradão and Typical Cerrado 
(Figure 3). The other two vegetation types were closely similar to one another. 
Of the total of 115 species recorded in the present study, 54 (47%) were common to all three sites, 
and 26 (23%) were exclusive to two of the sites. The largest number of exclusive species was recorded in 
the CO plot, followed by TC and DC (Figure 4; Table 1). The highest similarity values were found 
between the Cerradão and Dense Cerrado, and the lowest, between Cerradão and Typical Cerrado, 
considering both the quantitative Morisita index, and the qualitative Sørensen index (Figure 4). The 
TWINSPAN classification initially grouped all the 25 Cerradão subplots with four of the Dense Cerrado 
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plots (eigenvalue = 0.33), while all the remaining subplots were grouped together (Figure 5). A total of 24 
indicator species were recorded in the Cerradão, 16 in the Dense Cerrado, and 20 in the Typical Cerrado. 
Despite these large numbers of indicator species at each site (Monte Carlo, p < 0.001), the large numbers 
of species common to two or more sites contributed to high indices of similarity (Table 1; Figure 4). 
The most structurally important species (highest IVI values: see Table 1) in the Cerradão were 
Myrcia splendens (Sw.) DC., Pterodon pubescens (Benth.) Benth., Xylopia sericea A.St.-Hil., Roupala 
montana Aubl., Syagrus comosa (Mart.) Mart., Emmotum nitens (Benth.) Miers, Mezilaurus crassiramea 
(Meisn.) Taub. ex Mez, Pouteria ramiflora (Mart.) Radlk., Qualea grandiflora Mart. and Tachigali 
vulgaris L.G.Silva & H.C.Lima (53.6% of the total). In the Dense Cerrado, the most important species 
were E. nitens, Mouriri elliptica Mart., S. comosa, M. splendens, R. montana, P. ramiflora, X. sericea, 
Myrcia multiflora (Lam.) DC., Bowdichia virgilioides Kunth and M. crassiramea (50.9% of the total), 
while in the Typical Cerrado, they were S. comosa, Davilla elliptica A.St.-Hil., Qualea parviflora Mart., 
M. crassiramea, Byrsonima verbascifolia A.St.-Hil., Myrcia rimosa Cambess., Eugenia dysenterica DC., 
Byrsonima coccolobifolia Kunth and Curatella americana L. (49.4% of the total). Among the ten species 
with the highest IVI in each phytophysiognomy, seven were common among the Cerradão and the Dense 
Cerrado, and only two were common between the three phytophysiognomies (Table 1). These results 
suggest a higher similarity, with regard to horizontal structure, between the Cerradão and Dense Cerrado 
and lesser resemblance between these two phytophysiognomies and the Typical Cerrado. 
Mean tree height was significantly higher (Welch’s F(2,3935) = 626.70, p < 0.01) in the Cerradão 
(5.5±2.4 m, SD) in comparison with the Dense (4.5±2.3 m) and Typical Cerrado (3.0±1.98 m). However, 
mean diameter varied little (F(2,3884) = 0.66, p = 0.52) among the Cerradão (9.5±4.7 cm), Dense Cerrado 
(9.6±5.0 cm) or Typical Cerrado (9.5±4.5 cm). Despite these similarities in the diameter of individuals, 
the mean densities recorded in the subplots at the three sites varied significantly (F(2, 72) = 28.09; p < 0.01), 
with the lowest density being recorded in the Typical Cerrado (67.6±9.4 inds.ha-1), with much higher 
values being recorded in the Cerradão (87±8.85 inds.ha-1) and Dense Cerrado (83±11.0 inds.ha-1). The 
lower density recorded in the Typical Cerrado also accounts for the reduced basal area recorded in this 






The high species richness recorded in the present study (91 in Cerradão and Dense Cerrado; 76 
species in Typical Cerrado) has also been found in other cerrado communities in eastern Mato Grosso. 
For example, in Cerradão, Kunz et al. (2009) registered 95 species, Franczak et al. (2011) found between 
84 and 87 species, and Solórzano et al. (2012) sampled 124 species. In Cerrado sensu stricto, Nogueira et 
al. (2001) observed 88 species, Felfili et al. (2002) found 80 species, and Marimon-Junior and Haridasan 
(2005) recorded 77 species, and Gomes et al. (2011), 79 species. Lenza et al. (2011) also found evidence 
of marked differences in the species composition of these transitional cerrados in comparison with those 
located towards the center of the biome. Felfili et al. (2002) concluded that the unique features of these 
Cerrados were related to the influence of Amazonian ecosystems. Together, these findings emphasize the 
floristic importance of the Cerrados of this region for the conservation of its woody flora. 
The relatively low observed and estimated species richness recorded for the Typical Cerrado in 
comparison with the other two vegetation types appears to be typical of the Cerrado in general, given that 
Pinheiro and Durigan (2012) obtained similar results in a study of the Cerrado in São Paulo. In addition, 
data on the Cerradão from the same region as the present study (Kunz et al. 2009; Franczak et al. 2011; 
Solórzano et al. 2012) indicate similarly high levels of species richness in comparison with areas of 
Typical Cerrado (Felfili et al. 2002; Marimon-Junior and Haridasan 2005; Gomes et al. 2011). This 
indicates the existence of a gradient of species richness between the more open and woodland habitats 
associated with density and basal area. 
The relatively higher species diversity recorded in the Dense Cerrado in comparison with the other 
two vegetation types may reflect the more equitable distribution of individuals among species in these 
types and the lower species richness for Typical Cerrado. The higher diversity of the Dense Cerrado 
compared to the others may also be related to the intermediate nature of this vegetation type, between the 
Cerradão and Typical Cerrado. This may be because neither the species characteristic of forest formations 
(which are abundant in the Cerradão) nor those that predominate in more open savannas (abundant in the 
Typical Cerrado) were dominant in the Dense Cerrado. Previous comparative studies of Cerrado habitats, 
such as those of Pinheiro and Durigan (2012), Marimon-Junior and Haridasan (2005), and Costa and 
Araújo (2001) have applied only a single diversity index, rather than a variety of indices that weight 
common and rare species differently. Based on this condition, we would recommend the application of 
diversity profiles for the better understanding of structural differences in comparative studies, as also 
suggested by Melo (2008). 
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These results show a decrease in plant richness from Cerradão and Dense to Typical Cerrado, but 
not for diversity. The fact that tree species diversity in Dense Cerrado was higher than the others, 
demonstrates, in sum, that Dense Cerrado is an intermediate situation of species composition and possibly 
a temporal stage between Cerradão and Typical Cerrado. This state can reveal evidence of shifts between 
forest and savanna (forest advances into Cerrado) over the last millennium as previously recorded by 
Ab’Saber (1977, 2002), and recently investigated by the TROBIT Project (Saez, Lloyd, Marimon-Junior 
et al., unpublished data) in the same area of this study. 
The high similarity of the species found at the three sites, especially in qualitative terms, and the 
large proportion of species in common (approximately 50%) could be a consequence of the geographic 
proximity of the sites, which are separated by distances of only 0.5-3 km, and reinforces the lack of any 
specific identity for these communities. A number of authors have found that the woody vegetation of 
adjacent cerrado to forest communities may be highly similar, irrespective of the similarities in substrate 
conditions (Silva et al. 2006; Gomes et al. 2011; Mews et al. 2014). In the present study, this is probably 
due to the physicochemical similarities of the soil among sites and the interchange of species - especially 
the more generalist forms - among communities. 
However, a small number of habitat specialist tree species may contribute to marked divergences in 
the species composition of adjacent communities. This may account for the reduced similarity observed 
between the Cerradão woodland and the Typical Cerrado savanna samples, in particular, and the larger 
number of exclusive Cerradão species. The Dense Cerrado was more similar to both Cerradão and 
Typical Cerrado, however, and subplots that grouped with both vegetation types in the TWINSPAN 
analysis, reinforcing the transitional and intermediate characteristics of this vegetation type, and the 
existence of a floristic gradient. This may also account for the reduced similarity between the Cerradão 
and the Typical Cerrado, observed in both the present and previous studies (Marimon-Junior and 
Haridasan 2005; Pinheiro and Durigan 2012). 
While all three phytophysiognomies presented an oligarchic pattern, that is, the predominance of a 
only a few species in the structure of the community, only two species - Syagrus comosa (Mart.) Mart. 
and Mezilaurus crassiramea (Meisn.) Taub. ex Mez - were among the ten most predominant at all three 
sites. Structural oligarchy is common in the plant communities of the Cerrado sensu lato (Ratter et al. 
2003; Bridgewater et al. 2004; Felfili et al. 2008) and indicates that a small group of species is adapted to 
the environment and the competition with one another in such a way as to guarantee their dominance of 
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the communities (Solórzano et al. 2012). In the present study, however, the reduced coincidence among 
more dense and forested phytophysiognomies (Cerradão and Dense Cerrado) and predominantly savannic 
community (Typical Cerrado) in the structurally dominant species and the high number of indicator 
species identified for each community reflect the structural differences among vegetation types. The 
distinct conditions found in each type, related to differences in tree density and height, appear to favor the 
predominance of different species in the three communities. In particular, Myrcia splendens (Sw.) DC., 
Xylopia sericea A.St.-Hil., Roupala montana Aubl., Emmotum nitens (Benth.) Miers and Pouteria 
ramiflora (Mart.) Radlk. are the species most well adapted to the forested habitats (Cerradão and Dense 
Cerrado), while Davilla elliptica A.St.-Hil., Qualea parviflora Mart., Byrsonima verbascifolia A.St.-Hil., 
Bowdichia virgilioides Kunth, Byrsonima coccolobifolia Kunth, Eugenia dysenterica DC. and Curatella 
americana L., seem most adapted to the open savanna environments (Typical Cerrado). 
Surprisingly, mean tree diameter did not vary significantly among sites, although the individuals in 
the Cerradão and Dense Cerrado were taller than those found in the Typical Cerrado, indicating that the 
plants in the denser vegetation types invest more in upward growth than the enlargement of their stems. In 
addition, despite the similarities in stem diameter, the highest basal area recorded in the Cerradão and 
Dense Cerrado was determined by the highest tree densities recorded in these vegetation types. 
The first hypothesis - that there is a systematic Cerradão-Dense Cerrado-Typical Cerrado gradient of 
(decreasing) species richness and diversity - was not supported by the findings of this study, given that 
these parameters were very similar in the Cerradão and Dense Cerrado, and much higher than the values 
recorded for the Typical Cerrado. In addition, the highest species diversity was recorded in the Dense 
Cerrado, rather than the Cerradão. The second hypothesis was also denied, given that similarity index 
(Morisita-Horn and Sørensen) and common species between Dense and Typical Cerrado was lower than 
that between Dense Cerrado and Cerradão. Rather than that, these results indicate that Dense Cerrado 
occupies an intermediate position between Cerradão and Typical Cerrado in terms of floristic 
composition. This is confirmed by TWINSPAN analysis which groups the Dense Cerrado plots with both 
Cerradão and Typical Cerrado plots. The third hypothesis, which predicted a gradient in structural 
parameters, the results once again led to rejection of the hypothesis, given the marked similarities of the 
Cerradão and Dense Cerrado, although tree height did vary systematically, decreasing from the Cerradão 
to the Dense Cerrado and then to the Typical Cerrado. 
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Overall, the similarities or differences among the three communities surveyed in the present study 
changed depending on the variables analyzed. While the Cerradão and Dense Cerrado were similar to one 
another in terms of species richness and the vertical and horizontal structure of the vegetation, the 
Cerradão and Typical Cerrado were similar in terms of species diversity. Finally, we observed a not 
predicted gradient in species composition, in wich Cerradão and Typical Cerrado occupy the extremes 
and the Dense Cerrado a transitional position. From a conservation perspective, our results emphasize the 
importance of the protection of the three types of vegetation, not only for the preservation of beta 
diversity, but also the conservation of species that prefer either forested habitats or more open, savanna 
environments along the Cerrado-Amazon transition zone. 
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Figure 1. Location of the study area (■) in the municipality of Ribeirão Cascalheira, Mato Grosso 
(Brazil), where we sampled three different types of woody Cerrado vegetation in the Cerrado-Amazon 
transition zone. 
Figure 2. Rarefaction curve (Sobs- Mao Tau) based on the number of individuals recorded in the woody 
Cerrado vegetation of the Cerrado-Amazon transition zone in Ribeirão Cascalheira, Mato Grosso (Brazil). 
CO = Cerradão; DC = Dense Cerrado and TC = Typical Cerrado. The 95% confidence interval is shaded 
in gray. 
Figure 3. Diversity profiles prepared using the Rényi series, comparing three types of woody Cerrado 
vegetation in the Cerrado–Amazon transition zone in Ribeirão Cascalheira, Mato Grosso (Brazil). CO = 
Cerradão (continuous line); DC= Dense Cerrado (dotted line); TC= Typical Cerrado (dashed line) and (H’ 
= 1 alpha corresponds to Shannon’s index and D = 2 alpha 2 to Simpson’s index). 
Figure 4. Venn diagram for the distribution of the woody Cerrado plant species found in the Cerrado–
Amazon transition zone in Ribeirão Cascalheira, Mato Grosso (Brazil). CO = Cerradão; DC = Dense 
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Cerrado; TC = Typical Cerrado; N = number of species; CmH = Morisita’s similairty index, and Ss = 
Sørensen’s index. 
Figure 5. The TWINSPAN classification of the 75 subplots sampled in three types of woody cerrado 
vegetation in the Cerrado-Amazon transition zone in Ribeirão Cascalheira, Mato Grosso (Brazil). CO = 
Cerradão; DC = Dense Cerrado, and TC = Typical Cerrado. Other divisions are not shown here due to 

























Table 1. Density and importance of the woody plant species (D30 ≥ 5 cm) found at three sites in the Cerrado-Amazon transition zone in Ribeirão Cascalheira, Mato Grosso 
(Brazil). CO = Cerradão; DC = Dense Cerrado; TC = Typical Cerrado. The species with the highest densities and IVI values at each site are shown in bold type. * = indicator 
species of the Cerradão (n = 24; 20.9%); **= indicator species of the Dense Cerrado (n = 16; 13.9%), and ***= indicator species of the Typical Cerrado (n = 20; 17.4%). The 
species are listed in decreasing order of the IVI values recorded at the Cerradão site. 
      Absolute density 
Importance Value 
Index 
Species Family CO DC TC CO DC TC 
1. Myrcia splendens (Sw.) DC. * Myrtaceae 383 162 9 32.61 16.22 2.41 
2. Pterodon pubescens (Benth.) Benth. * Fabaceae 236 9 - 25.25 1.59 - 
3. Xylopia sericea A.St.-Hil. * Annonaceae 136 100 22 21.18 11.83 4.14 
4. Roupala montana Aubl. * Proteaceae 170 114 32 16.64 13.59 6.67 
5. Syagrus comosa (Mart.) Mart. *** Arecaceae 177 187 315 16.25 18.07 42.40 
6. Emmotum nitens (Benth.) Miers ** Icacinaceae 84 206 31 11.89 34.43 6.80 
7. Mezilaurus crassiramea (Meisn.) Taub. ex Mez Lauraceae 46 34 45 11.21 7.06 10.90 
8. Pouteria ramiflora (Mart.) Radlk. ** Sapotaceae 45 68 17 8.93 13.36 5.02 
9. Qualea grandiflora Mart. * Vochysiaceae 57 25 2 8.90 3.73 0.60 
10. Tachigali vulgaris L.G.Silva & H.C.Lima * Fabaceae 63 23 18 8.04 3.39 5.31 
11. Antonia ovata Pohl * Loganiaceae 70 3 1 7.45 0.60 0.26 
12. Aspidosperma multiflorum A.DC. * Apocynaceae 48 3 - 6.55 0.72 - 
13. Vatairea macrocarpa (Benth.) Ducke * Fabaceae 37 4 4 5.55 0.92 1.30 
14. Euplassa inaequalis (Pohl) Engl. * Proteaceae 24 13 - 5.34 3.46 - 
15. Bowdichia virgilioides Kunth *** Fabaceae 16 37 41 5.15 7.97 10.50 
16. Mouriri elliptica Mart. ** Melastomataceae 30 157 18 5.01 22.06 4.28 
17. Miconia albicans (Sw.) Triana * Melastomataceae 44 10 6 4.99 1.65 1.23 
18. Eriotheca gracilipes (K.Schum.) A.Robyns* Malvaceae 24 4 8 4.54 0.53 4.72 
19. Salvertia convallariodora A.St.-Hil. Vochysiaceae 18 14 15 4.36 2.45 5.52 
20. Qualea parviflora Mart. *** Vochysiaceae 16 58 90 3.85 6.72 14.80 
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      Absolute density 
Importance Value 
Index 
Species Family CO DC TC CO DC TC 
21. Aspidosperma tomentosum Mart. ** Apocynaceae 25 35 4 3.71 6.21 1.01 
22. Davilla elliptica A.St.-Hil. *** Dilleniaceae 25 32 213 3.61 4.08 22.70 
23. Qualea multiflora Mart. * Vochysiaceae 26 14 - 3.58 2.91 - 
24. Eugenia dysenterica DC. Myrtaceae 23 28 42 3.51 4.39 9.08 
25. Machaerium acutifolium Vogel * Fabaceae 22 - 1 3.43 - 0.26 
26. Heisteria ovata Benth. * Olacaceae 19 7 1 3.13 1.40 0.25 
27. Schoepfia brasiliensis A.DC. * Schoepfiaceae 26 2 - 3.04 0.54 - 
28. Hymenaea stigonocarpa Mart. ex Hayne ** Fabaceae 12 43 8 2.95 6.19 1.84 
29. Xylopia aromatica (Lam.) Mart. Annonaceae 18 50 35 2.93 5.70 6.14 
30. Diospyros hispida A.DC. Ebenaceae 15 28 12 2.87 3.62 2.17 
31. Curatella americana L. *** Dilleniaceae 9 14 48 2.59 3.68 8.47 
32. Buchenavia tomentosa Eichler Combretaceae 11 11 10 2.33 2.51 2.18 
33. Handroanthus ochraceus (Cham.) Mattos ** Bignoniaceae 9 26 10 2.30 5.22 2.44 
34. Peltogyne confertiflora (Mart. ex Hayne) Benth. ** Fabaceae 10 14 - 2.28 2.63 - 
35. Ouratea hexasperma (A.St.-Hil.) Baill. ** Ochnaceae 12 32 4 2.15 4.09 0.91 
36. Guapira graciliflora (Mart. ex Schmidt) Lundell * Nyctaginaceae 9 - - 2.12 - - 
37. Hirtella glandulosa Spreng. Chrysobalanaceae 9 6 3 2.09 1.39 0.70 
38. Licania humilis Cham. & Schltdl. ** Chrysobalanaceae 10 24 6 2.01 4.51 1.73 
39. Rourea induta Planch. ** Connaraceae 11 34 18 1.93 4.66 3.23 
40. Byrsonima coccolobifolia Kunth *** Malpighiaceae 9 37 56 1.86 4.97 8.49 
41. Vochysia rufa Mart. Vochysiaceae 9 8 10 1.72 1.26 2.34 
42. Aspidosperma macrocarpon Mart. * Apocynaceae 8 2 1 1.62 0.51 0.39 
43. Dalbergia miscolobium Benth. Fabaceae 5 2 - 1.28 0.57 - 
44. Miconia stenostachya DC. * Melastomataceae 7 - 1 1.27 - 0.28 
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      Absolute density 
Importance Value 
Index 
Species Family CO DC TC CO DC TC 
45. Vochysia haenkeana Mart. * Vochysiaceae 6 - - 1.14 - - 
46. Brosimum gaudichaudii Trécul * Moraceae 5 - - 1.05 - - 
47. Byrsonima pachyphylla A.Juss. *** Malpighiaceae 5 42 36 1.02 5.3 5.93 
48. Tabebuia aurea (Silva Manso) Benth. & Hook.f. ex S.Moore Bignoniaceae 4 10 9 1.02 2.75 1.98 
49. Byrsonima basiloba A.Juss. Malpighiaceae 4 8 4 1.02 1.53 1.02 
50. Connarus suberosus Planch. *** Connaraceae 5 3 57 1.01 0.59 8.24 
51. Guapira noxia (Netto) Lundell * Nyctaginaceae 4 - - 0.96 - - 
52. Leptolobium dasycarpum Vogel Fabaceae 4 1 - 0.90 0.20 - 
53. Chaetocarpus echinocarpus (Baill.) Ducke Peraceae 4 4 - 0.89 0.55 - 
54. Aspidosperma nobile Müll.Arg. Apocynaceae 4 2 - 0.88 0.28 - 
55. Annona coriacea Mart. * Annonaceae 5 - - 0.88 - - 
56. Luetzelburgia praecox (Harms) Harms * Fabaceae 4 - - 0.84 - - 
57. Virola sebifera Aubl. ** Myristicaceae 4 16 - 0.83 2.10 - 
58. Hancornia speciosa Gomes Apocynaceae 4 3 - 0.82 0.61 - 
59. Myrcia sp. Myrtaceae 4 11 11 0.81 1.85 2.43 
60. Simarouba versicolor A.St.-Hil. Simaroubaceae 3 1 - 0.72 0.33 - 
61. Himatanthus sucuuba (Spruce ex Müll.Arg.) Woodson Apocynaceae 3 1 - 0.72 0.20 - 
62. Cybianthus detergens Mart. Primulaceae 3 3 1 0.65 0.59 0.36 
63. Maprounea guianensis Aubl. Euphorbiaceae 3 3 1 0.65 0.60 0.29 
64. Salacia crassifolia (Mart. ex Schult.) G.Don *** Celastraceae 3 10 34 0.63 1.75 6.59 
65. Myrcia bella Cambess. Myrtaceae 3 1 4 0.62 0.21 0.89 
66. Myrcia rimosa Cambess. *** Myrtaceae 3 42 85 0.60 4.75 10.30 
67. Heteropterys byrsonimifolia A.Juss. Malpighiaceae 3 - 3 0.60 - 0.74 
68. Syagrus flexuosa (Mart.) Becc. ** Arecaceae 3 11 1 0.48 1.95 0.23 
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      Absolute density 
Importance Value 
Index 
Species Family CO DC TC CO DC TC 
69. Dimorphandra mollis Benth. Fabaceae 3 1 8 0.48 0.23 2.12 
70. Couepia grandiflora (Mart. & Zucc.) Benth. Chrysobalanaceae 2 - - 0.44 - - 
71. Lafoensia pacari A.St.-Hil. ** Lythraceae 2 40 2 0.43 5.35 0.37 
72. Eugenia gemmiflora O.Berg *** Myrtaceae 2 5 39 0.41 1.01 7.87 
73. Aspidosperma subincanum Mart. Apocynaceae 2 - - 0.36 - - 
74. Ferdinandusa elliptica (Pohl) Pohl Rubiaceae 2 1 - 0.34 0.21 - 
75. Miconia sp. 2 Melastomataceae 1 - - 0.30 - - 
76. Byrsonima verbascifolia (L.) DC. *** Malpighiaceae 1 16 64 0.28 3.23 10.6 
77. Miconia sp. 1 Melastomataceae 1 1 - 0.27 0.20 - 
78. Cybistax antisyphilitica (Mart.) Mart. Bignoniaceae 1 - - 0.26 - - 
79. Enterolobium gummiferum (Mart.) J.F.Macbr. Fabaceae 1 1 - 0.24 0.21 - 
80. Diplopterys pubipetala (A.Juss.) W.R.Anderson & C.C.Davis Malpighiaceae 1 - - 0.22 - - 
81. Annona crassiflora Mart. ** Annonaceae 1 26 22 0.21 3.87 4.36 
82. Eugenia aurata O.Berg *** Myrtaceae 1 8 18 0.21 1.22 3.59 
83. Alchornea discolor Poepp. Euphorbiaceae 1 1 - 0.21 0.21 - 
84. Tocoyena formosa (Cham. & Schltdl.) K.Schum. Rubiaceae 1 1 3 0.21 0.20 0.69 
85. Copaifera cf. martii Hayne Fabaceae 1 - - 0.21 - - 
86. Fridericia cinnamomea (DC.) L.G.Lohmann Bignoniaceae 1 - - 0.21 - - 
87. Protium heptaphyllum (Aubl.) Marchand Burseraceae 1 1 - 0.21 0.20 - 
88. Myrcia multiflora (Lam.) DC. ** Myrtaceae 1 76 19 0.20 8.05 3.50 
89. Pseudobombax longiflorum (Mart. & Zucc.) A.Robyns Malvaceae 1 3 - 0.20 0.53 - 
90. Byrsonima intermedia A.Juss. Malpighiaceae 1 2 2 0.20 0.42 0.55 
91. Erythroxylum sp. Erythroxylaceae 1 - - 0.20 - - 
92. Strychnos pseudoquina A.St.-Hil. Loganiaceae - 5 7 - 1.19 3.39 
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      Absolute density 
Importance Value 
Index 
Species Family CO DC TC CO DC TC 
93. Eugenia punicifolia (Kunth) DC. *** Myrtaceae - 7 12 - 1.15 2.75 
94. Erythroxylum tortuosum Mart. ** Erythroxylaceae - 4 - - 0.81 - 
95. Stryphnodendron coriaceum Benth. Fabaceae - 3 2 - 0.61 0.47 
96. Andira cujabensis Benth. *** Fabaceae - 2 6 - 0.53 1.73 
97. Stryphnodendron rotundifolium Mart. *** Fabaceae - 2 16 - 0.40 2.73 
98. Plathymenia reticulata Benth. Fabaceae - 2 4 - 0.39 0.97 
99. Mouriri pusa Gardner Melastomataceae - 1 - - 0.29 - 
100. Tapirira guianensis Aubl. Anacardiaceae - 1 - - 0.28 - 
101. Agonandra brasiliensis Miers ex Benth. & Hook.f. Opiliaceae - 1 - - 0.26 - 
102. Caryocar brasiliense Cambess. Caryocaraceae - 1 5 - 0.25 0.83 
103. Cordiera elliptica (Cham.) Kuntze *** Rubiaceae - 1 9 - 0.21 2.07 
104. Erythroxylum engleri O.E.Schulz Erythroxylaceae - 1 5 - 0.20 1.01 
105. Himatanthus obovatus (Müll.Arg.) Woodson Apocynaceae - 1 3 - 0.20 0.68 
106. Eremanthus cf. goyazensis (Gardner) Sch.Bip. Asteraceae - 1 2 - 0.20 0.50 
107. Zeyheria montana Mart. Bignoniaceae - 1 2 - 0.20 0.45 
108. Copaifera langsdorffii Desf. Fabaceae - 1 - - 0.20 - 
109. Andira vermifuga (Mart.) Benth. *** Fabaceae - - 15 - - 3.88 
110. Myrcia variabilis DC. *** Myrtaceae - - 11 - - 1.99 
111. Chomelia ribesioides Benth. ex A.Gray *** Rubiaceae - - 4 - - 0.98 
112. Tachigali aurea Tul. Fabaceae - - 2 - - 0.47 
113. Kielmeyera coriacea Mart. & Zucc. Calophyllaceae - - 2 - - 0.46 
114. Protium unifoliolatum Engl. Burseraceae - - 2 - - 0.34 
115. Alibertia edulis (Rich.) A.Rich. Rubiaceae - - 1 - - 0.23 
Total     2186 2070 1690 300 300 300 
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